have been prepared by rapid quenching and annealing and studied by X-ray diffraction and electron microscopy. All three phases are quasicrystalline after quench: Al 66:08 Cu 21:35 Mn 12:57 is decagonal, and the two others are F-icosahedral phases. After annealing, the quaternary alloy transforms into a decagonal phase. The present results are compared to those of previous studies in the litterature of samples with close compositions.
Introduction
In a recent paper [1] , a unique six-dimensional structural model has been proposed for describing the F-type icosahedral phases i-AlPdMn and i-AlCuFe alloys, based on pure geometric arguments starting from the cell decomposition of the KG model [2] . The point was to attribute the same atomic species to the same local environnements for the atoms belonging to the M (Mackay) clusters. This generates a partition into specific cells of the original KG model and thus specific compositions. In that frame, all prototypical structures have the same kind of chemical arragements for the Mackay clusters and are described by the composition formula: Al 61:8 (Pd j Cu) 21 :35 (Mn j Fe) 8:29 (Al j Fe j Mn) 4 :28 (Al j Cu) 4 :28 where ðX j YÞ stands for X or Y; any choice in these atomic species gives a structure that has the very same local neighbooring but with species X and Y exchanged. This extends to other atomic species similar to those presented here: for example, the quaternary alloy with composition Al 67 Ga 4 Pd 21 Mn 8 studied in [3] Our goal here is to check if these geometrical arguments of requiring these alloys to have the same kind of chemical decorations of the Mackay clusters have some relevance with respect to quasicrystal formation. Of course this criterion is by no mean based on energy minimisation and the ratio e=a remains the major guide, as demonstrated by the group of A. Tsai (see for instance [6] ), in our present search for new chemical substitutions using the elements Al, Pd, Cu, Mn and Fe exclusively.
Experimental conditions
We can form 24 different alloys out of the general formula, among which three have been chosen that present an electron per atom ratio, e=a in the vicinity of 1.8. Indeed, according to the studies in [4] , the quasicrystals follow the Hume-Rothery stabilization of phase along the e=a-constant line close to 1.8 for spd quasicrystals. For instance, in the Al--Cu--Fe phase diagram [5] , the icosahedral domain is located along the line defined by the equation 
Characterization
Quenched and annealed phases have been characterized both by X-ray powder diffraction and transmission electron microscopy. Only X-ray results of the as-quenched samples are presented here.
First of all, the Al 66:08 Cu 21:35 Mn 12:57 phase is a stable decagonal phase even after annealing 3 hours at 700 C. It is most certainly the same phase as the one reported in [6] for the composition Al 65:0 Cu 20:0 Mn 15:0 .
The Fig. 1 becomes a high perfection F-type icosahedral phase, in a way very similar to the usual perfectioning observed on i-AlCuFe where the traces of rapidly quenched b-phase (a cubic FeAl type structure) dissolve during annealing as shown in [7] and the average peak widths decrease down close to the experimental resolution. With respect to peak intensities, i-AlPdFe phase is very similar to i-AlPdMn (see for instance [8] ): as shown on Fig. 1 , the superstructure (7,11) is very strong as compared to the surrounding (6,9) and (8, 12 ) as in the case of i-AlPdMn; whereas it is much lower for i-AlCuFe. In our structural scheme, indeed, i-AlPdFe is expected to be totally isomorphic to iAlPdMn by simply replacing Mn by Fe.
The 
The quaternary system Al--Cu--Mn--Fe has been previously studied in [9] 4 :28 . The as quenched structure was there recognized as a P-type icosahedral phase compared to a F-type in our present study. This is not very surprising owing the fact that the domains of composition of quasicrystals are usually very narrow as, for example, in the well known case of the Al--Cu--Fe system [5] .
Atomic modelling
The structural models for the two icosahedral phases as- The Al-Pd-Fe system has been previously studied by T. Shibuya et al. [11] C to 750 C: the F-type icosahedral phase seems to be the stable phase for that composition.
As already mentioned, the X-ray powder diffraction pattern of i-AlPdFe shows a particularly strong (7, 11) superstructure reflection as compared with the nearby fundamental reflections ð6; 9Þ and ð8; 12Þ. This is in favor of the average number of electrons generated by the atomic surface n to be as much different as possible from the one generated by the atomic surface n trons of the atomic surfaces n and n 0 is rather small as the intensity of the (7,11) reflection) and Al 70:36 Pd 21:35 Fe 8:29 . Actually, the situation is a little more complex for this latter case in view of the results of T. Shibuya al. [11] . They showed that the intensity of the (7,11) reflection becomes weaker and weaker when substituting Fe to Ru and Os. This implies that the difference between the number of electrons of the atomic surfaces n and n 0 decreases by increasing the atomic number of the initial Fe species in substituting it by Ru and Os. This achieved only in model 1 (the model 2 predicts an increase of the intensity of the (7, 11) 1 or 2) . In fact, a progressive substitution of Pd by Fe on the bc allows to cover the entire existence domain of the i-phase in the ternary phase diagram (see [11] ). This substitution does not change the average number of electrons generated by the atomic surfaces n and n 0 and therefore does not change the intensity of the (7, 11) 
Conclusion
The three compositions studied here, issued from the unified structural model [1] for the two F-type icosahedral phases i-AlCuFe and i-AlPdMn, lead, all three, to the formation of quasiperiodic phases: one is a stable F-type icosahedral phase i-AlPdFe, one is a stable decagonal phase d-AlCuMn and the last one AlCuFeMn is a F-type icosahedral phase as-quenched and a decagonal phase when annealed. The case of i-AlPdFe is particularly interesting since our approach directly suggests an atomic model that feets qualitatively well the available diffraction data. This result is encouraging to explore additional compositions among the 24 proposed by the unified model. This should also be extended to other elements as chrome, nickel or cobalt, with the basic condition of keeping constant the e=a to values close to 1.8. In any case of course, the present approach doesnot pretend to substitute to the e=a rule but is useful in a second step to help choosing chemical compositions that are in perfect agreement with the chemical decorations of the Mackay clusters.
